There seems to be a case for presenting a more fully developed version of the ideas put forward in a letter to the British Medical 7ournal (Webb and Smith, 1964) concerning the possible causation of central nervous system (C.N.S.) lesions in virus infections. This somewhat speculative article has therefore been written in the hope of stimulating thought, discussion, and further research by clinicians, virologists, and immunologists.
When large numbers of sera from human populations are tested, antibody to viruses, such as poliomyelitis or Japanese encephalitis, which typically cause C.N.S. disease, is often found in people with no history of C.N.S. illness. Inapparent infection rates with such viruses vary from 99.9% for poliomyelitis and Japanese encephalitis to about 90 % for eastern and western encephalitis. Perhaps the major feature of meningoencephalitis in man which therefore requires explanation is why only a very small proportion of such infections actually cause a clinically recognizable C.N.S. disturbance.
When there is a C.N.S. involvement the illness is fundamentally biphasic: a mild, often missed, febrile illness is followed by a quiescent period which may vary from 1 to 14 days, and then by the C.N.S. disturbance. The initial phase may even be afebrile. The picture in man is perhaps best seen in European biphasic meningoencephalitis, but Kyasanur Forest disease virus in experimental animals (Webb and Chatterjea, 1962) and humans (Webb and Lakshmana Rao, 1961) and Langat virus in humans (Webb et al., 1966) 
Viraemic Period
After infection with tick-transmitted viruses, primary multiplication probably occurs in the regional lymph node (Malkova, 1960a; Malkova et al., 1961) and is followed by viraemia, during which further multiplication probably takes place in the white blood cells (Webb and Chatterjea, 1962; Webb and Burston, 1966; Webb et al., 1966) , and susceptible cells throughout the body become infected. This viraemic period makes up the first phase of the illness, and during it the virus has sensitized the immunological mechanisms, and viraemia ends as antibody develops. In naturally occurring cases, and in experimentally infected animals, virus can rarely be detected in the blood after the onset of C.N.S. symptoms, but antibody is by then usually demonstrable in the blood. During the period of viraemia the titre of the virus in any organ rarely exceeds that of the blood until the viraemia is terminating. Virus multiplication then proceeds and may reach high titres and persist for varying periods in those organs with susceptible cells. Cellular destruction undoubtedly results from this, but its degree is uncertain and viruses can multiply in cells without killing them.
In mice, Malkova (1960b) (Webb, 1961) . In the treatment of human neoplastic disease with Langat and Kyasanur Forest disease viruses (Webb et al., 1966) virus was recovered at necropsy from three patients in whom viraemia had ceased and antibody was readily detectable-from the C.N.S. in two, and from secondary tumour, spleen, and adrenal gland. Thus there is plenty of evidence that virus persists in tissues, including those of the C.N.S., after antibody has appeared in the circulation.
Neuronal Damage
In encephalomyelitis of man, monkeys, and other large species histological examination of the C.N.S. shows a mixture of inflammatory and degenerative changes, either of which may predominate in a particular case. Dr. I. Zlotnik (personal communication), from a pathological examination of the C.N.S. of a large number of cases of fatal louping-ill in sheep, has observed that in young and highly susceptible animals the picture is predominantly one of neuronal destruction, while in older and less susceptible animals (particularly in those partially immune) the condition is predominantly inflammatory and neuronal changes are minimal. When small experimental animals such as mice are inoculated into the brain, death occurs earlier than in peripherally inoculated animals-in under two days with some viruses. In such circumstances antibody has either not appeared or is at a very low level by the time of death, and the histological picture is primarily of neuronal destruction. Although antibody may start developing very early in virus infections, Uhr et al. (1962) showed that very small doses of bacteriophage inoculated into guinea-pigs produced antibodies within 24 hours. At present our tests for detecting early development of antibody are not sensitive enough.
Many experiments indicate that antigen-antibody or hypersensitivity reactions may be of some importance in the pathogenesis of these diseases. Mice inoculated intraperitoneally with Venezuelan equine encephalitis virus develop encephalomyelitis. However, Berge et al. (1961) have shown that if they are also inoculated with Venezuelan equine encephalitis immune serum at a specific time after infection the histological changes in the C.N.S. are more pronounced than in those inoculated with virus only. Gleiser et al. (1961) showed that the administration of cortisone to monkeys inoculated with Venezuelan equine encephalitis virus, just before onset of the second phase of the disease and at the time of appearance of antibodies, caused a marked suppression of the inflammatory response in the C.N.S. It did not exacerbate the clinical disease, nor did it modify the antibody response.
We have been able to confirm these findings in mice infected with Langat and Semliki Forest viruses. In mice inoculated with Langat virus, either immune serum or cortisone affects the outcome of the infection only if given at very specific times. The maximal detrimental effect of immune serum occurs if it is given at, or just after, the maximum of the viraemia. Rowe (1956) showed that x-irradiated mice inoculated intracerebrally with St. Louis encephalitis virus had an increased survival time. Levy and Haas (1958) showed that mice infected with lymphocytic choriomeningitis virus were markedly protected by treatment with a folic acid antagonist methotrexate (Amethopterin) in spite of its prolongation of viraemia. Similar results were obtained in mice kept on a folic-acid-deficient diet (Haas et al., 1957 Elective caesarean section is generally a safe operation and amniotic fluid embolism is an extremely rare complication. Only one such case has previously been reported in the literature (Barno and Freeman, 1959) . The mortality from amniotic fluid embolism is over 80% (Aguillon et al., 1962 ; Scott, 1963 Geoghegan et al., 1964; Russell and Jones, 1965) .
The following case presents the clinical features of amniotic fluid embolism and is, we believe, of particular interest because of the detailed-evidence available.
CASE REPORT A women aged 37, whose two previous children had been delivered by elective caesarean section, was admitted in the 38th week of her third pregnancy on account of mild hypertension. Seven days after admission she was prepared for elective caesarean section.
Atropine 0.6 mg. was given subcutaneously one hour before operation. After preoxygenation for three minutes with a high flow of oxygen she was given thiopentone 250 mg. followed by suxamethonium 60 mg. The trachea was then intubated with a cuffed endotracheal tube without prior inflation of the lungs by face mask. On laryngoscopy there was no evidence of regurgitation of stomach contents and intubation was easy. Anaesthesia was maintained with 30% oxygen in nitrous oxide by means of a volume-cycled ventilator with a non-return circuit.
Relaxation was maintained with D-tubocurarine.
The abdomen was opened through a Pfannenstiel incision and lower-uterine-segment caesarean section was performed. The child, a boy weighing 3.8 kg., was in good condition at birth (Apgar score 9 at 2 minutes). Profuse bleeding occurred after delivery of the child and the uterus did not retract well. Manual removal of the placenta was performed and the uterus was closed in the usual manner. Ergometrine 0.5 mg. had been given intravenously with the birth of the child and uterine retraction was eventually satisfactory. The loss of blood during the operation was later estimated by a haemoglobin dilution technique at 1,850 ml. Compatible blood 1,000 ml. and plasma 500 ml. were infused during the operation.
During closure of the abdomen cyanosis and distension of the neck veins were noted and there was marked resistance to inflation of the lungs. At the conclusion of the operation atropine 1.2 mg. and neostigmine 2.5 mg. were given. Spontaneous ventilation was inadequate and cyanosis persisted despite the administration of 100% oxygen. At this stage amniotic fluid embolism was suspected and blood samples were taken for clotting tests (see Table I ). The blood pressure was now 80/60 mm. Hg and the pulse rate 140. Obvious signs of massive pulmonary oedema were present; this was confirmed by x-ray examination. Manual intermittent positive-pressure ventilation (I.P.P.V.) with 100% oxygen was restarted, attempting to maintain a slight positive pressure during expiration. Examination of capillary blood revealed a moderate metabolic acidosis (see Table II ). Sodium bicarbonate
